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Abstract: Tomatoes were grown in a plastic greenhouse under 2 irrigation programmes and four N-fertiliser concentrations (0,
100, 150 and 200 mg N l-1) of irrigation water. P and K concentrations were kept constant at 30 and 200 mg l-1, respectively, for
all N treatments. A drip irrigation system with single laterals centred between the plant rows, spaced 50 cm apart was used for
irrigation as well as for feeding fertiliser solution (i.e. fertigation) during the experiment. Tensiometers, installed in 3 replicates at
45 cm soil depth and centred mid-way between 2 plants in rows, were used for irrigation scheduling. Two irrigation programmes,
controlled through continuous monitoring of root-zone soil-water tension, were used as irrigation treatments. In one of the
treatments, irrigation scheduling was based on a maximum soil-water tension of 50 kPa during the entire season. In the second
treatment, soil-water tension to initiate irrigation was initially high (70 kPa), until fruit stetting, and it fell down to 50 kPa, later in
the season. 15N labelled urea was used in one of the N-concentration treatments (150 mg N l-1) to estimate tomato N-fertiliser
recovery. The results showed that tomato yield was not influenced significantly by irrigation treatments, although the irrigation
treatment of low soil-water tension (≤ 50 kPa), maintained throughout the season, gave higher yield. Exposing tomatoes to high
soil water stress during the early growth stage, first 70 kPa then dropping to 50 kPa, promotes proportionally higher uptake of
soil N, and thus reduces the recovery of applied N-fertiliser. However, when low soil water tension (≤50 kPa) was maintained
throughout the season, N-fertiliser recovery was 22.4% higher compared with when high soil water-tension prevailed until mid
season. As for the effects of N concentration of the feeding solution, tomatoes showed a statistically significant (P ≤ 0.05) fruityield response to varying N concentrations. The feeding-solution-N concentration giving the highest tomato fruit yield was about
120 mg N l-1 as estimated using a N-concentration yield-response function.
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Fertigasyon Tekni¤i ‹le Serada Yetifltirilen Domatesin, Kök Bölgesi Topraksuyu Tansiyonuna
Verim Tepkisi ve Azotlu Gübre Al›m›
Özet: Domates iki sulama program› ve dört farkl› sulama suyu N’lu gübre konsantrasyonu (0, 100, 150 ve 200 mg N l-1) kullan›larak
plastik serada yetifltirildi. Tüm N konular›nda, sulama suyu fosfor ve potasyum konsantrasyonlar›, s›ra ile 30 ve 200 mg l-1 olarak
sabit tutulmufltur. Araflt›rmada, 50 cm aral›kl› çift bitki s›ralar›n› ortalamak üzere yerlefltirilmifl tek lateralli damla sulama sistemi,
hem sulama ve hemde gübre enjekte etmek üzere kullan›lm›flt›r. Denemede bitki kök bölgesi toprak suyu tansiyonuna göre
denetlenen iki sulama program› uygulanm›flt›r. Konulardan birinde, topraksuyu tansiyonu 50 kPa’a eriflti¤inde sulama yap›lm›fl ve
an›lan ölçüt tüm mevsim boyunca ayni kalm›flt›r. ‹kinci sulama konusunda ise, ilk meyve dökümüne kadar (seraya flafl›rtmadan 71
gün sonra) toprak suyu tansiyonu 70 kPa eriflince sulama yap›l›rken, geri kalan zamanda ise tansyiyon 50 kPa’a indirilmifltir. Azot
konsantrasyonu konular›ndan birinde (150 mg N l-1), 15N ile zenginlefltiriflnifl üre kullan›larak domatesin N’lu gübre kullanma
rand›man› hesapland›. Elde edilen sonuçlar›n gösterdi¤ine göre, her ne kadar istatiksel olarak önemli olmasa da, toprak su
tansiyonunun düflük (≤50 kPa) olarak tutuldu¤u konuda domates verimi daha fazla ç›km›flt›r. Domates bitkisinin bafllang›ç döneminde
su stresi alt›nda tutulmas›, toprak suyu tansiyonunun önce 70 kPa daha sonra 50 kPa’a indirilmesi, göreli olarak daha fazla toprakazotu al›nmas›n› ve dolay›siyle N’lu gübre al›m›n› azaltan bir etkiye neden olmufltur. Ancak, toprak suyu tansiyonunun tüm mevsim
boyunca düflük bir de¤erde (≤50 kPa) tutuldu¤u konu alt›nda N’lu gübre kullanma rand›man›, mevsim ortas›na kadar tansiyonun
yüksek tutuldu¤u (≤70 kPa) konuya k›yasla % 22.4 daha yüksek ç›km›flt›r. Azotlu gübre konsantrasyonu konular›n›n domates
verimine etkisi P ≤ 0.05 düzeyinde önemli bulunmufltur. Maksimum domates verimi için sulama suyu N konsantrosyonunun 120
mg N l-1 c›var›nda olmas› gerekti¤i, verim N-konsantrasyonu iliflkisinden, hesaplanm›flt›r.
Anahtar Sözcükler: Fertigasyon, N-lu gübre al›m›, N-lu gübre konsantrasyonu, 15N, toprak suyu tansiyonu, domates
* Correspondence to: ckirda@cu.edu.tr
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Introduction
Irrigation systems, which facilitate trouble-free
management and full control of fertiliser applications, are
now in common use in many countries. Standard
sprinkler irrigation systems, mini sprinklers and drip
irrigation systems are among the latest irrigation
technologies which can be used conveniently for the
application of fertilisers with irrigation water (Bresler,
1977; Elfving, 1988; Papadopoulos, 1988). Through the
use of drip irrigation systems, plant nutrients can be
applied, when needed, at required concentrations in the
wetting zone of the drippers where plant roots are the
most active. With fertigation, not only does crop wateruse efficiency increase, but significant savings in fertiliser
use can also be achieved (Tumbare et al., 1999). The
application of fertilisers through fertigation can
conveniently be matched with plant requirements,
depending on the crop growth stage (Kovach, 1983).
Fertiliser recovery under fertigation is the highest, and
nearly zero residual fertiliser salinity remains (Miller et
al., 1981) in the soil after the harvesting of crops if the
system is designed well and managed properly.

concentrations of feeding solution and to assess Nfertiliser recovery under 2 irrigation programmes where
plant-root-zone soil-water tension was different.

Materials and Methods
Experiments were carried out in plastic greenhouses
of Research Farm at Faculty of Agriculture, Çukurova
University, Adana, Turkey. The plastic houses, oriented in
north-south direction, were 12 x 24 m in size and the
cover material was UV + IR + antifog added polyethylene.
The tomato cultivar used was F144 Fantastic. The
experimental soil in the greenhouse was classified as
Palexerollic chromoxeret with heavy textured clay soil
overlaying medium textured sandy clay sub-soil. The soil
had medium permeability with a high water retention
capacity (360 mm per 100 cm depth of soil at field
capacity).

Irrigation management is an important issue which
not only has a direct influence on quality; it may affect
indirectly the yield response of crops to fertiliser
applications. Furthermore, depending on irrigation
method and management followed, crop fertiliser
recovery - uptake of applied fertilisers - may differ. It is
important that while crop productivity increases with
high-input agricultural practices, such as protected
agriculture, fertilisers must be applied with environmentfriendly methods, leaving the least residue in the soil.

A split-plot experimental design with 4 replicates,
consisting of 2 irrigation programmes, designated as the
main treatments, and 4 N fertiliser concentrations (0,
100, 150 and 200 mg N l-1), was used (Table 1). P and
K concentrations were 30 and 200 mg l-1 of irrigation
water, respectively, and were kept constant for all the N
treatments. The forms of the fertilisers used were urea,
phosphoric acid and potassium sulphate for N, P and K,
respectively. Total sub-plots were 32, each having 16
plants, arranged as double rows with a planting space of
50 cm in rows. Each replicate contained 2 rows of 8
plants (Figure 1). Fruit yields of 12 plants, excluding the
2 plants at the extreme ends of the rows, were recorded
during harvest.

This study aimed to determine the fruit yield response
fertigated tomato to different N-fertiliser

A drip irrigation system with single laterals centred
between the 2 rows of plants was used (Figure 1). The

of

Table 1. Description of the treatments.
Irrigation treatments
1. Low soil water tension, A

Maximum allowed tension: 50 kPa

2. High soil water tension, B

Maximum allowed tension: 70 kPa until fruit setting,
then reduced to 50 kPa
N-fertiliser treatments

0, 100, 150 and 200 mg N l-1 of irrigation water applied in every irrigation
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No

N 150

N 100

N 200

50 cm
50

80

Drip lines
Plants

Tensiometer
Neutron access tube

Figure 1. Random arrangement of N-concentration treatments under
one of the main irrigation treatments. The plant rows with no
N-concentration designation are the guard rows. The shaded
plants are those fed with labelled 15N.

spacing of the drippers with a flow rate of 2 l h-1 was 30
cm. A wet band of approximately 70 cm width, covering
the 2 rows of plants, was formed during irrigations.
Irrigation scheduling was controlled using tensiometers,
as they were widely used in numerous earlier studies
(e.g., Clark et al., 1991; Paramasivam et al., 2000). The
tensiometers were installed at 45 cm soil depths and
centred between the 2 plants in rows. Soil-water-tension
measurements (averages of 3 replicate) were used as
criteria for irrigation scheduling, followed in the 2
different irrigation treatments of low (A) and high soil
water tensions (B) (Table 1). The high soil water tension
treatment (B) for the tomato crop was applied until mid
season, 71 days after transplanting at initial flower
setting stage. During the remaining period, the soil water
tensions of the 2 treatments (A and B) were the same (50
kPa). Additionally, neutron access tubes were installed in
3 replicates, again centred between the 2 plants in rows.
The access tubes were used to measure soil water content
distribution profiles, before and after irrigation, using a
neutron gauge (CPN 503DR), which allowed adjustment
of the irrigation water requirement for preventing deep
percolation.
N-fertiliser recovery was studied to assess if irrigation
scheduling would influence N fertiliser uptake. For this
propose, only 1 N concentration treatment (150 mg N l-1)
was used. The data were analysed following the
procedure of randomised complete block design with 2
irrigation treatments of 4 replicates, excluding

N-concentration treatments. Three drippers of the drip
line in the 150 mg N l-1 treatment were blocked and a
separate feeding system was used for the 3 pairs of
double rowed plants (i.e. isotope plants, see Figure 1) for
the application of water and fertiliser solution. Urea
labelled with 0.578% 15N atom excess was applied to
assess N fertiliser recovery using the isotope dilution
technique, which was used earlier in numerous other
studies (e.g., Masuda et al., 1996; Al-Rawahy et al.,
1992; Jena et al., 1988). Of the 3 pairs of plants fed with
15
N labelled urea, 2 plants in the centre were cut off at
the first harvest (Figure 1), 125 days after transplanting.
The cut samples were separated into vegetative parts and
fruit, which were dried and ground and then analysed for
total nitrogen and 15N/14N ratio at the International
Atomic Energy Agency’s Laboratories, Seibersdorf,
Austria. Tomato-crop N yield, % N derived from
fertiliser-N (%Ndff) and N-fertiliser recovery (stems plus
fruit) were calculated using the isotope data and
following the procedure described by Zapata (1990) and
more recently by Kirda et al. (2001). Before the
experiment was implemented, the greenhouse soil was
leached with 500 mm water application to minimise the
likely effects of mineral-N residue from the earlier years
on the N-recovery study. After leaching, NO3-N content
within the 5-cm surface layer was in the order of 7 to 10
mg kg-1, with the exception of a few spots at 30 to 40
mg kg-1. NH4-N content was only in trace amounts, nearly
10 times less than NO3-N.
The greenhouse was not heated but was frost
protected. The heating system worked only when the
o
outside temperature was below 5 C, as was normally
practised by the growers in the region.

Results and Discussion

Yield
It is generally believed that the tomato plant, which is
kept under some degree of water stress during the early
growth stage, could develop tolerance to water stress at
later stages. Tomato plants that have undergone water
stress during early growing stages increase their root-tofoliage ratio thereby lowering the threshold leaf-water
potential for stomatal closure. Under the described
conditions, leaf chlorophyll content and stomatal density,
which could enhance the photosynthetic rate, would
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differences in irrigation management. Tomato fruit yield’s
response to the N concentration of the feeding solution
could typically be described with a second-degree
polynomial curve, fitted to the pooled data of the 2
irrigation treatments (Figure 2). The feeding solution Nconcentration giving the highest tomato fruit yield was
about 120 mg N l-1 as estimated using the fitted yield
response function.

Fertiliser recovery
Tomato crop N-fertiliser uptake attributes such as N
yield and percent N derived from the applied fertiliser (%
Ndff) and N fertiliser recovery and the like are shown in
Table 3. The low recovery of the applied N-fertiliser, of
the order 40 to 50%, can be attributed to the rapid
immobilisation of N through microbiologic activity which
causes tying up of mineral N as organic matter
(Mohammad et al., 1999). Additionally, applied N250

YIELD, t ha-1

increase (Iljin, 1957; Steudle et al., 1977). It is important
therefore for greenhouse-grown tomatoes to develop
deep root systems to exploit a larger volume of soil for
nutrients and water. The described condition can be
obtained through withholding irrigation during the early
growth stages, until the first flower setting (Rudich and
Luchinsky, 1994). Although adaptation to water stress
may prove useful under situations where plants might
have undergone water stress and received inadequate
fertilisation, the results in our experiment clearly indicate
that this does not occur under fertigation where both soil
water content and nutrient concentrations within the
plant rooting zone can be controlled and maintained in
accordance with the plant’s requirements. The yield under
the irrigation programme, where the maximum soil
water tension allowed was 70 kPa until the first-flowersetting stage (i.e. treatment B), was lower but not
statistically significant (Table 2) compared with low, 50
kPa, soil-water-tension treatment (i.e. treatment A)
(Figure 2). In concert with our findings, earlier reported
studies had also shown that open-field-table tomatoes
(Rendon and Ambri, 1980) and processing tomatoes
(Yrisarry et al., 1993) gave higher fruit yields under low
soil-water tensions, maintained during the development
and maturation stages, compared with low yields
obtained under high soil-water tensions.

200

LSD 0.05

150

y = -0.0021x 2 + 0.509x + 154.3
R 2 = 0.822

100

Only N-concentration treatments had a statistically
significant effect (P ≤ 0.05) on tomato fruit yield (Table
2). N concentration giving the highest yield was not
influenced significantly by the irrigation programme
followed. Thompson et al. (2000) have reported similar
findings for sub-surface drip-irrigated cauliflower, which
gave a better yield response to N-fertiliser rates than to

0

50

100
150
N CONCENTRATION, mg l-1

Figure 2. Fertigated tomato fruit yield response to N concentration of
feeding solution, with pooled data from the 2 different
irrigation programmes. Data points of solid and plain circles
represent mean values (n = 4) ± se of treatments A and B,
respectively.

Table 2. Tomato yield (t ha-1). The yield data for N concentration and irrigation treatments
represent mean values (n = 4 and n = 16, respectively) ± se.
Irrigation treatments
N Concentration
mg N l-1
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200

A, 50 kPa

B, 70/50 kPa

0

159.5 ± 14.5

150.4 ±1 5.1

100

179.8 ± 24.6

180.0 ± 22.4

150

187.2 ± 7.8

187.9 ± 34.0

200

175.9 ± 14.6

161.0 ± 29.5

Mean

175.6 ± 7.8

169.8 ± 12.4

Significance, LSD (≤ 0.05)

16.9

NS
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Table 3. N-fertiliser recovery and related data obtained for tomatoes grown under 2 irrigation programmes. Data represent mean
values (n = 4) ± se.
Irrigation treatment

Total dry matter,
(1)

N yield,
(2)

% Ndff,
(3)

% N fertiliser recovery,
(4)

A, 55 kPa

200.0 ± 11.7

4.1 ± 0.5

31.2 ± 0.6

53.5 ± 3.3

B, 70/55 kPa

178.4 ± 7.2

4.8 ± 0.8

24.0 ± 0.7

43.7 ± 3.1

NS

NS

2.7

NS

Significance, LSD (≤0.05)

(1) Above ground total dry matter, g.plant-1; (2) N yield, g N.plant-1; (3) Proportion of fertiliser N in total N yield produced; (4)
Proportion of applied fertiliser N recovered.

fertiliser might have had so-called priming effect on
increasing the uptake of soil N (Fried and Broeshart,
1974) through enhanced root proliferation, which in turn
increases soil volume for exploitation of water and
nutrients. Leaching loss of N-fertiliser does not seem to
be very likely because the wetting depth during irrigation
was maintained within a maximum depth of 80 cm, which
was controlled and monitored with neutron-gauge water
measurements.
The N fertiliser recovery of tomatoes exposed to
water stress imposed during the early growth stage (i.e.
treatment B) was lower than that in crops which
experienced no water stress and were grown under the
same soil water tension (i.e. treatment A) throughout the
growing season (Table 3). Having no significant
differences regarding fruit yield (Figure 2, Table 2), total
dry matter and N yield (Table 3) confirms that tomato
roots were most probably extended deeper under high
water stress conditions (70 kPa) than under low stress
conditions (50 kPa). However, we have no data to
substantiate the suggested root behaviour. Al-Rawahy et
al. (1992) had earlier shown that tomato nutrient uptake
is often impaired under salt, water or both stress
conditions. Similarly, in our study, the tomato crop, when
under water stress, took up proportionally less N
fertiliser and more soil N, compared to irrigation
treatment with a low water stress maintained throughout
the season.

Conclusions
Exposing a tomato crop to variable soil-water tension,
first high at 70 kPa, reduced later to a lower value of 50
kPa, does not give any yield benefit compared with the
situation where maximum allowable soil-water tension
was kept constant at a low value of 50 kPa. Yield
response to the N concentration of feeding solution can
adequately be described with second-degree polynomial
equations. The feeding solution N concentration giving
the highest tomatoes yield was about 120 mg N l-1.
N fertiliser recovery, assessed with 15N labelled urea,
was influenced strongly by the irrigation programme
followed. N-fertiliser recovery under the irrigation
programme, allowing a maximum soil water tension of
50 kPa throughout the growing season (treatment A)
was higher than with the irrigation treatment where the
soil water tension was kept higher (70 kPa, treatment B)
until mid season (Table 3). In other words, water stress
adversely affects the N-fertiliser recovery of a tomato
crop.
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